A novel, moderately thermophilic, acidophilic, Gram-variable, rod-shaped, endospore-forming bacterium was isolated from a spoiled mixed vegetable and fruit juice product that had the offflavour of guaiacol. The bacterium, strain 4F
guaiacol from vanillic acid. It can be distinguished from related species by its acid production type and guaiacol production. On the basis of phenotypic characteristics, phylogenetic analysis and DNA-DNA relatedness values, it can be concluded that the strain represents a novel species of the genus Alicyclobacillus, for which the name Alicyclobacillus dauci sp. nov. is proposed; the type strain is 4F T (5DSM 28700 T 5NBRC 108949 T 5NRIC 0938 T ).
The genus Alicyclobacillus consists of a group of thermophilic or moderately thermophilic, acidophilic, heterotrophic, strictly aerobic, endospore-forming bacteria. At the time of writing (July 2014), the genus comprises 20 recognized species, two subspecies and two genomic species, and the type species is Alicyclobacillus acidocaldarius (Darland & Brock, 1971; Wisotzkey et al., 1992) . Many members of the genus Alicyclobacillus were formerly assigned to the genus Bacillus, but were reclassified within a new genus Alicyclobacillus (Wisotzkey et al., 1992) , based on their distinct 16S rRNA gene sequences and their unique use of v-alicyclic fatty acids (v-cyclohexane or v-cycloheptane) as a major membrane lipid component. Species containing v-cyclohexane fatty acids are A. acidocaldarius, Alicyclobacillus acidoterrestris (Wisotzkey et al., 1992) , Alicyclobacillus hesperidum (Albuquerque et al., 2000) , Alicyclobacillus acidiphilus (Matsubara et al., 2002) , Alicyclobacillus sendaiensis (Tsuruoka et al., 2003) , Alicyclobacillus vulcanalis (Simbahan et al., 2004) , Alicyclobacillus tolerans, Alicyclobacillus disulfidooxidans (Karavaiko et al., 2005) , Alicyclobacillus fastidiosus, Alicyclobacillus sacchari (Goto et al., 2007) and Alicyclobacillus cellulosilyticus (Kusube et al., 2014) , and species containing v-cycloheptane fatty acids are Alicyclobacillus cycloheptanicus (Wisotzkey et al., 1992) , Alicyclobacillus herbarius (Goto et al., 2002a) , Alicyclobacillus kakegawensis and Alicyclobacillus shizuokensis (Goto et al., 2007) . The description of the genus was emended by Goto et al. (2003) to include species that do not contain v-alicyclic fatty acids: Alicyclobacillus pomorum (Goto et al., 2003) , Alicyclobacillus macrosporangiidus, Alicyclobacillus contaminans (Goto et al., 2007) , Alicyclobacillus ferrooxydans (Jiang et al., 2008) and Alicyclobacillus aeris (Guo et al., 2009) . Species of the genus Alicyclobacillus have been isolated from hot springs, soil and spoiled fruit-based beverages (Yamazaki et al., 1996; Goto et al., 2002a Goto et al., , 2003 Matsubara et al., 2002) . A. acidoterrestris, A. acidiphilus, A. herbarius and A. hesperidum are known to produce guaiacol (Goto et al., 2008) , and in particular, A. acidoterrestris is a major cause of spoilage in acidic beverages that had the off-flavour of guaiacol. It is important for manufacturers to control growth of A. acidoterrestris in acidic beverages.
In this report, we describe a novel species of the genus Alicyclobacillus, isolated from a spoiled mixed vegetable and fruit juice.
We isolated and purified a moderately thermophilic, acidophilic, endospore-forming bacterium, strain 4F T , from a spoiled mixed vegetable and fruit juice product that had the off-flavour of guaiacol. Cell morphology was examined using phase-contrast microscopy (BX51; Olympus). Motility was observed using a light microscope (BX51; Olympus) and a prick test with BAM medium (Deinhard et al., 1987a) containing 0.05 % gellan gum at 40 u C. Morphological observations and biochemical tests were performed using the methods of Darland & Brock (1971) , Deinhard et al. (1987a, b) and Albuquerque et al. (2000) . Cultures were grown in either BAM liquid or BAM agar medium. The pH range for growth was examined at 40 u C in BAM medium with different pH values adjusted by addition of 1 M H 2 SO 4 (1.5-7.0 at intervals of 0.5 pH units). The temperature range for growth was examined in BAM medium pH4.3 adjusted by addition of 1 M H 2 SO 4 , with shaking at 70 r.p.m., using a TVS126MB temperature gradient rocking incubator (Advantec), and growth was monitored by measuring turbidity at 660 nm. Acid production was examined with API50CH test strips (bioMérieux) in BAM basal salts medium (Albuquerque et al., 2000) without bromophenol blue, and was determined by measuring the pH decrease (.0.4) using a pH meter (B-212; Horiba). Guaiacol production was tested using Va-YSG Alicyclobacillus genomic species 2 MIH 332 (AB060165)
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medium (Kyokuto Pharmaceutical Industrial), incubated at 40 u C for 3 and 24 h, and was detected with a peroxidase kit (Kyokuto Pharmaceutical Industrial). All tests were conducted in triplicate.
Cellular fatty acids were analysed using the methods of Goto et al. (2002b) . Strain 4F T , A. acidoterrestris DSM 3922 T and A. fastidiosus JCM 21683 T were cultured in semi-synthetic basal medium (Hippchen et al., 1981) with shaking at 90 r.p.m. for 4 days; strain 4F
T was cultured at 40 u C and the other two strains at 45 u C. Cellular fatty acid methyl esters were prepared and analysed by GC (HP6890 series; Hewlett Packard) according to the instructions given for the Microbial Identification System version 6.0 and were compared using the database TSBA40 (MIDI). The valicyclic fatty acids were reanalysed using a GC-MS system (QP2010; Shimadzu) equipped with an Inert Cap WAX capillary column (30 m60.25 mm inner diameter, film thickness (df) 0.25 mm; GL Science). The temperature of the injection port was 240 u C, and that of the oven was programmed as follows: 120 u C (1 min), 120-175 u C at a rate of 10 u C min -1 , 175 u C (10 min), 175-210 u C at a rate of 5 u C min -1 and 210 u C (20 min). The DNA G+C content (mol%) was determined by using the method of Katayama-Fujimura et al. (1984) with HPLC (LC-10; Shimadzu). Quinones were extracted from freeze-dried cells using the methods of Nishijima et al. (1997) and were analysed using an HPLC system (660 series; Waters).
Genomic DNA was extracted using the methods of Marmur (1961) and a Qiagen Genomic-tip, according to the manufacturer's protocol. Nucleotide sequences of the 16S rRNA gene were amplified by PCR with the universal bacterial primers 27f (59-AGAGTTTGATCMTGGCTCA-39) and 1492r (59-TACGGYTACCTTGTTACGACTT-39). PCR products were purified with the MinElute PCR Purification kit (Qiagen) and sequenced with an ABI PRISM Dye Terminator Cycle Sequencing kit (Applied Biosystems). The products were analysed on an ABI PRISM 3130 Genetic Analyzer (Applied Biosystems) according to the manufacturer's instructions.
Sequencing analysis was carried out using the GenBank/ EMBL/DDBJ databases. Multiple sequence alignments were performed using CLUSTAL W version 1.8 (Thompson et al., 1994) . Reconstruction of a phylogenetic tree was done using MEGA5 (Tamura et al., 2011) with the neighbourjoining method (Saitou & Nei, 1987) based on the Kimura two-parameter model (Kimura, 1980) , maximum-parsimony method (Lake, 1987) and the maximum-likelihood method based on the Tamura-Nei model (Tamura & Nei, 1993) . The robustness of individual branches was estimated by a bootstrap analysis based on 1000 replicates (Felsenstein, 1985) . The GenBank/EMBL/DDBJ accession numbers of 16S rRNA gene sequences used for the phylogenetic analysis are shown in Fig. 1 . DNA-DNA hybridization experiments were performed by the photobiotin-labelled DNA probe microplate method of Ezaki et al. (1989) . DNA-DNA hybridization values are given as means of at least two determinations.
Detailed results are given in the species description. The main differential phenotypic characteristics of the novel isolate and related species of the genus Alicyclobacillus are detailed in Table 1 .
The major respiratory quinone of strain 4F
T was menaquinone-7 (MK-7), which reached 91 % of the total; MK-3 was present at 7 % and MK-4 at 2 %. The predominant cellular fatty acids of strain 4F
T were v-cyclohexyl C 17 : 0 (49.7 %), anteiso-C 15 : 0 (16.6 %), anteiso-C 17 : 0 (11.3 %), iso-C 15 : 0 (7.2 %) and anteiso-C 17 : 1 (3.1 %). The strain had v-cyclohexane fatty acids (v-cyclohexyl C 17 : 0 and vcyclohexyl C 19 : 0 ), which are characteristic of the genus Alicyclobacillus (Table S1 , available in the online Supplementary Material). The DNA G+C content of strain 4F
T was 49.6 mol%, which is in the range for recognized species of the genus Alicyclobacillus (48.7-62.7 mol%).
The nearly complete sequence of the 16S rRNA gene of strain 4F
T was determined. Phylogenetic analyses based on 16S rRNA gene sequences showed that strain 4F
T was a member of the genus Alicyclobacillus. The type strains sharing highest levels of sequence similarity with strain 4F
T were of A. acidoterrestris (97.4 %) and A. fastidiosus (97.3 %). The neighbour-joining tree (Fig. 1) , maximumparsimony tree (data not shown) and maximum-likelihood tree (data not shown) showed that strain 4F
T clustered with strains of species of the genus Alicyclobacillus. DNA-DNA hybridization experiments were carried out between strain 4F T and A. acidoterrestris DSM 3922 T and A. fastidiosus JCM 21683
T , and DNA relatedness values were determined to be 41 and 33 %, respectively. The DNA-DNA hybridization values confirmed the assignment of the novel isolate 4F
T to a separate species according to the cut-off value of 70 % proposed by Wayne et al. (1987) for bacterial species delineation.
In conclusion, based on the results of the present polyphasic taxonomic analysis, strain 4F
T represents a novel species of the genus Alicyclobacillus, for which the name Alicyclobacillus dauci sp. nov. is proposed.
Description of Alicyclobacillus dauci sp. nov.
Alicyclobacillus dauci (dau9ci. N.L. masc. n. dauci of the carrot).
Cells are Gram-variable, strictly aerobic, non-motile, endospore-forming straight rods with rounded ends (2-5 mm long and 0.5-0.7 mm wide). Colonies on BAM agar are circular, opaque, white, opalescent, smooth, convex and about 1.0-1.5 mm in diameter after 72 h growth at 40 u C. The temperature range for growth is 20-50 u C (optimum 40 u C) over a range of pH 3.0-6.0 (optimum pH 4.0). Catalase-positive but oxidase-negative. Acid is produced from glycerol, D-galactose and D-glucose. Guaiacol is produced from vanillic acid. The major fatty acids are vcyclohexane fatty acids. The main quinone is MK-7.
The type strain, 4F
T (5DSM 28700 T 5NBRC 108949 T 5 NRIC 0938 T ), was isolated from a spoiled mixed vegetable C. Nakano and others and fruit juice product that had an off-flavour of guaiacol. The DNA G+C content of the type strain is 49.6 mol%.
